The crystallographic symmetries and spatial distribution of stacking domains in graphene films on SiC have been studied by low energy electron diffraction (LEED) and dark field imaging in a low energy electron microscope (LEEM). We find that the graphene diffraction spots from 2 and 3 atomic layers of graphene have 3-fold symmetry consistent with AB (Bernal) stacking of the layers. On the contrary, graphene diffraction spots from the buffer layer and monolayer graphene have apparent 6-fold symmetry, although the 3-fold nature of the satellite spots indicates a more complex periodicity in the graphene sheets.
The past few years have witnessed a growing need to identify new methods for the synthesis of graphene films for both basic research and industrial applications. Of all the methods explored so far, substrate growth methods seem the most promising due to the ease and reliability of growth of large-scale films [1] [2] [3] . But the choice of substrate often has a major impact on the properties of the graphene film. Graphene on hexagonal boron nitride, AB-stacked bilayer graphene, and graphene grown on the C face of SiC (which possesses azimuthal rotations between layers), are typical examples of how the stacking of the graphene film on top of a substrate can lead to the breaking of the six fold symmetry inducing the opening of a gap in the electronic structure [4] [5] [6] [7] [8] [9] , or alternatively to a full decoupling between different layers [3, [10] [11] [12] .
Therefore, understanding how graphene grows on top of a substrate is fundamental to engineering new graphene sheets with controlled properties. Here we will focus on epitaxial graphene grown on the Si face of SiC, one of the most studied graphene systems because of its potential for industrial application due to the presence of a bandgap in measured as well as calculated spectra [8, 9] . The mechanism behind this gap opening is still under debate, so understanding the precise structure of the graphene/buffer layer system remains an important issue [13, 14] .
One way to answer questions about the structure of this material might be through low energy electron diffraction (LEED), which is a more direct probe of the crystal symmetry than STM [13] [14] [15] provided that the diffraction can be performed with a spatial resolution that is smaller than the structural domains of the crystal. For example, LEED from a single Ru(0001) terrace has the 3-fold symmetry of the hcp layer stacking, while LEED from a region containing multiple terraces has an averaged 6-fold symmetry [16] . Similar measurements can be performed with greater spatial resolution by using dark-field lowenergy electron microscopy (LEEM) imaging. Dark-field LEEM images are real-space images derived from higher order diffraction spots. This differs from bright field LEEM, where the images are obtained from the specularly reflected beam, the (0,0) diffraction spot. Thus, dark field LEEM can be viewed as a tool comparable to LEED, where the dark field LEEM image is a map of the intensity of a single LEED spot as a function of sample position.
Combining several such images obtained on inequivalent diffraction spots, one can determine direct evidence of asymmetries in the LEED diffraction peaks as a function of position in the LEEM image. that shows the relevant sets of diffraction spots more clearly. In both panels, two SiC spots are marked with green stars, two graphite spots are marked with blue triangles, two 6 × 6 spots are marked with red squares, and the (0,0) spot is marked with an orange circle.
In this Rapid Communication we characterize the crystallographic structure of graphene/SiC films and the spatial distribution of stacking domains by high resolution darkfield LEEM imaging. We find that the 6-fold symmetry is broken for the 1x1 SiC LEED spots, and for the 1x1 graphite LEED spots of multilayer (≥2 graphene layers in addition to the buffer layer) graphene. On the contrary, the apparent 6-fold symmetry of the graphite LEED spots is preserved in the buffer layer and single-layer graphene, showing that the stacking between these two layers differs from that of bilayer graphene. Interestingly, we also observe that the 6 × 6 satellite spots possess 3-fold symmetry for every measured film thickness. These measurements of diffraction symmetry help us to understand the properties of epitaxial graphene films.
Atomically-thin graphene samples have been epitaxially grown on the Si-terminated face of 6H-SiC, as previously reported [17] . The first graphitic layer that forms is a carbon-rich "buffer layer" [18] , which has the same σ bands as graphene but the conical dispersion of the graphene π bands is absent [11, 19] . The second graphitic layer is single-layer graphene, with a band gap at the Dirac point due to the graphene substrate interaction [8] . Low energy electron microscopy (LEEM) measurements were performed at the National Center for Electron Microscopy at the Lawrence Berkeley National Laboratory to monitor and characterize the in situ growth [20] [21] [22] . Dark-field LEEM and low energy electron diffraction (LEED) were performed at Sandia National Laboratory to study the crystallographic structure of these samples. On the contrary, within each 2-and 3-layer region, the asymmetry contrast image reveals regions of black and white contrast suggesting the presence of 3-fold symmetry in these regions. These black and white regions correspond to stacking domains with sizes on the order of 100nm for our samples, and are smaller than the domains of uniform thickness seen in the bright-field images ( figure 3a and b) . The cartoon in panel (e) of figure 3 shows two ways to stack a second layer of graphene (light and dark blue) on top of a first layer (grey).
The two resulting domains differ from each other by a 60 degree rotation with respect to the graphene layer beneath them (shown by the orientation of the arrows in the cartoon).
Where the stacking domains impinge, a linear defect (domain boundary) occurs. Since the boundary between a black and white region in panel (d) corresponds to a disruption in one or more of the graphene planes, these domains likely play an important role in the transport properties of bilayer and multilayer graphene films. Thus, the dark-field imaging reveals that stacking domains and their associated domain boundaries occur within regions of otherwise uniformly thick graphene. These defects are in addition to those defects that result from changes in graphene thickness, and illustrate the complexity that can occur in graphene synthesized from thermally decomposing SiC. LEED from one-layer graphene on a single Ru(0001) terrace [24] is 3-fold symmetric, as are some patterns from graphene on SiC [25] , likely because the substrate terraces were of similar size to the micro-LEED beamspot.
It is also possible that this asymmetry is a reflection of a more complex periodicity. For example, if the rippling of the thin graphene overlayers caused by the (6 (3) × 6 (3))R30
• unit cell has a 3-fold nature, the black and white regions in panels (c) and (d) could correspond to 3-fold symmetry domains in the ripples of the overlayer films. Such rippling has been indicated theoretically [9] and experimentally [13] , and is believed to be responsible for variations in the size of the monolayer graphene bandgap [26] . In conclusion, we have studied the crystallographic structure of epitaxial graphene. We find that there is a fundamental difference in the stacking of the buffer layer, monolayer and bilayer graphene on top of the SiC substrate. We show that the structure of the buffer layer is more complex than previously expected, and that dark field LEEM provides a new method to directly characterize the domain sizes of bilayer graphene and to extract information about the structure of the SiC interface beneath few-monolayer graphene films. We anticipate that the ability to image these crystal symmetries will continue to enhance our understanding of the properties of thin graphene films on various substrates in the future. Sample growth was also supported by the MRSEC project through the National Science Foundation.
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Addendum for the arXiv version
During the course of our study, we found interesting spiral patterns on hydrogen-etched substrates. For the arXiv version we have added them below, since they contribute towards a general understanding of the structure of SiC(0001), as well as our experimental technique and analysis method. Note that this is not a part of our original publication. These images give another demonstration that the examination of crystal symmetries can contribute to the understanding of atomic layer stackings at the surface of a crystal.
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